At radar frequencies in the range 50 MHz to 250 MHz, at times even to over 1 GHz, strong enhancements of scattering cross section occur between _ 80kin and ~_ 95kin altitude in summer at high latitudes. These echoes, termed "Polar Mesosphere Summer Echoes" (PMSE), have attracted considerable experimental effort. Observations of this phenomenon are reviewed in the context of atmospheric dynamics and of scattering processes. Recent rocket and radar measurements indicate that a partial reflection from a multitude of ion layers and constructive interference causes at least some of the PMSE. It is discussed which further observations are necessary and some possible practical consequences of PMSE are pointed out.
INTRODUCTION
The summer season at polar latitudes is very special. This is true not only on the ground, but also in the mesosphere and in the thermosphere. We have known for many years that the mesopause at high latitudes is much colder in summer than in any other season or at any other place (Stroud et al.,1959/1/) , and even colder than most models predict (yon Zahn and Meyer, 1989 /2/; Lfibken and von Zahn, 1991 /3/) . It is believed that the reason is adiabatic cooling due to a large-scale average upward motion of a few em/s (Murgatroyd and Singleton, 1961/4/; Garcia and Solomon, 1985/5/) superimposed on the many gravity wave oscillations that have vertical amplitudes of a few m/s (Fritts et a1.,1990 /6/). The average upward drift in summer is thought to be caused by the deposition of momentum by breaking gravity waves being different from other seasons due to the different filtering characteristics for gravity waves of the atmosphere below (Lindzen, 1981 
171).
One consequence of the very low temperatures is the formation of noctilucent clouds, NLC (Witt, 1967/8/) , and polar mesospheric clouds, PMC (e.g. Thomas and Olivero, 1989/9/), which some workers consider to be the same phenomenon observed under different conditions.
Another phenomenon observed close to the mesopause at high latitudes and only in summer is a very strong enhancement of radar scattering cross section at radar frequencies of 50 MHz to over 250 MHz. It has been shown that this enhancement cannot easily be explained by simple scattering from isotropic turbulence (Inhester et a1.,1990 /10/), and it cannot be explained by incoherent scatter (e.g. Hoppe et al.,1990 /11/) . These echoes have been dubbed Polar Mesosphere Summer Echoes, PMSE. The phenomenon has attracted a considerable amount of attention in the past few years, and many observations and theoretical studies have been undertaken to establish their origin.
An overview over these observations is given in section 2 to describe the characteristics of PMSE. Observations of other phenomena and by other methods are also included when they seem to apply to the explanation of PMSE. Section 3 is a discussion of the observed characteristics in view of some of the theories that try to explain PMSE. The significance of recent rocket and radar observations for the understanding of the scattering mechanism is also discussed. 
THE EVIDENCE
At present we do not know what PMSE really are. We cannot be certain that their occurrence near the cold summer polar mesopause and near NLC or PMC as mentioned above is due to a common cause. Until we know better, we will attempt to explain the three phenomena together, but we must also be aware of the possibility that even PMSE themselves might, in fact, be several distinct processes with different characteristics that we merely have not been able to discern. Since we cannot give a real definition of PMSE in terms of physical processes, we must use a descriptive working-definition for the time being. We will use the following: PMSE are -persistent, but dynamic, strong radar echoes at "~50 MHz to "~ 250 MHz -that occur at latitudes of _~ 65 ° N to _~ 70 ° N -in the height region ~ 80kin to ~_ 95kin -in the period mid-May to mid-August.
They may well also occur poleward of 70 ° N, as well as south of 65 ° S from mid-November to mid-February; we simply have no measurements yet. There are few observations of PMSE at a latitude as low as 520 N (Reid et Note that all first observations of PMSE that could be found in the hterature were made in the months of June and July, except for the ones from Poker Flat, which covered the whole PMSE season from the start. Also, the more spectacular observations, such as those at the much higher radar frequencies of 933 MHz and 1.29 GHz or at the much lower latitude of 520 N, were made in June and July, suggesting that PMSE are stronger and more extended in the middle of their season.
Further Characteristics
In addition to the basic characteristics that we have used to define PMSE, more have accumulated with the number of observations and observers. It has been mentioned above that the spectra at 933 MHz are much narrower than expected for incoherent scatter. This effect is even more pronounced at 224 
where k is in radians • m -x. The observations were made at different places and times, and the one at 224 MHz is about 8.5 times larger than given by the empirical relation (1). Such measurements must be made simultaneously at at least three radar frequencies to be conclusive.
NLC and PMC
As mentioned in the introduction, there may be a connection between PMSE and PMC or NLC. Jensen et al.
(1988)/33/have studied the correlation between PMSE observed with the Poker Flat radar and PMC observed from the SME satellite. They find only a weak correlation and argue that this is due to the observed volumes not being exactly the same. Also, the frequency of occurrence of PMC given by Thomas and Olivero (1989) 
PROPOSED SCATTERING MECHANISMS
This review of observations does not attempt to be complete on the subject of proposed scattering mechanisms. However, some of the proposed mechanisms will be discussed in view of the observational evidence.
Turbulence
Turbulence has been suggested as the cause of PMSE ( (1) is from different times and places. 
Recent Rocket and VHF Radar Observations
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In the summer of 1991, an international campaign, NLC-91 (Kopp et al., 1991 /50/), was aimed at understanding, among other things, the mechanism of PMSE. One of the rocket instruments flown was the TURBO payload (Blix and Thrane, 1991 /51/), which observed neutral density, positive ion density, and electron density simultaneously. All these observations were precise enough to allow fluctuations to be determined down to 0.1% . The height resolution of these observations is about 30 crn. Figure 1 shows the positive ion density measured over 300 rn within a PMSE layer. Note that there are strong ion density fluctuations by as much as 109 m -3, most of which occur over as little as 2--3 m in vertical extent. The spectra of the ion and electron fluctuations, and the absence of fluctuations in the neutrals, prove that there is no turbulence in this volume (Liibken et al., 1993 /45/) . From the rocket observations, which give only two vertical profiles, we cannot decide whether or not the fluctuations are isotropic. If we assume that they are horizontally layered, as the similarity of the structures on upleg and downleg suggests, we can calculate the partial reflection from each transition. This has been demonstrated for lower radar frequencies by Haug et al. (1977) /52/. All the partial reflections can then be combined with appropriate phase to estimate a radar refleetivity from the in situ observation. The details of this method will be elaborated in another paper (Hoppe et al., 1993 /53/) . The radar reflectivity at 46.9 MHz resulting from the complete rocket profile is shown in Figure 2 . The actually measured radar reflectivity at this radar frequency is shown in Figure 3 . The rocket and radar observations were taken 14 km and 140 s apart. We note very similar structures as far as the actual heights, gradients, and the ratio between maxima and background are concerned. We also note a discrepancy in the absolute magnitudes. The radar reflectivity calculated from the ion profile measured by rocket instrument is 100 times larger than the measured one. However, the PMSE were fading at the time of these observations: Two minutes later the radar showed only half the echo power. We do not know if a temporal variability of the PMSE also implies a spatial variability. Another possible explanation could be to speculate that the horizontal extent of 
CONCLUSION
Some of the PMSE can be caused by an ensemble of partial reflections from structures as shown in Figure  1 The characteristics of PMSE allow very precise measurements of a number of atmospheric parameters. We must be careful to remember that whatever we observe in PMSE may or may not be present at other places in the atmosphere, too. Not every phenomenon that we happen to observe in PMSE is necessarily connected with their generation process.
Independent of understanding the details of formation of PMSE, we can employ them in a number of ways. They have very large scattering cross sections in a range of radio frequencies, they are very localized in altitude, and they have very narrow spectra. They can thus be used for very precise wind measurements. Radar experiments can be devised with a high degree of sensitivity, range resolution, or spectral resolution, and these parameters can be traded off against one another. It should also be possible to use PMSE for communication within and across the polar cap.
